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B rlin, den 30. 1 . 1968 



Verfahren ear Herstellung ron Polye stern 

Die Brfindung be tr if ft eln Terfahren zur Herstellung von 
Polyesters duroh Copolyraerisation von DioarbonsSurean- 
hydriden alt Alkylenoxyden. 

Die klaseieohan Heratellungsverfahren far Polyester be- 
ruhen eaf der Kondenaation ron DioarbonsSuren oder de~ 
ren Anhydrides alt sarei- oder aehrwertigen Alkoholen. 
Uaobteile dieaor Terfahren slnd die relatir tearea Ana- 
gangeatoffe and dit langen Beaktloaaselten sowie die boben 
Beaktieatteaperataren. Aaob beaitaen die Terfahrensproduk- 
te relatlr hofae SSaresahlea. 

Ss iat bekaant, Polyester durob Copolyaarisation ron Dt~ 
oarbqnaaareanhydriden ait Alkylenoayden herauatellen, wo- 
bei aen als Polyaerisatioaskatalysatoren einas.1 aainisobe 
Terbiadaagsa* ▼oraugsweiee tertiare Amine, and sua anderea 
aaara latalysateren, beiapielsveise 8nfll 2# BJy SnCl 4 aew., 
eiasetst. 

Die Arbeitsweise ait aminischen latalysatoren hat den Haoh- 
teil langer Heaktionsaaiten, die Verf ehreasprodukto sind 
aaiat dunkel gefSrbt; besondera ergeben sioh Schwierigkei- 
te» bela Binsata ron Malainsttareanhydrid daroh roraeitige 
Gelierung des Heaktionsprodukts infolge der boben Reakti- 
Titat der D ppelbindung. 

Die bish r b kanntan Arbeitsweisen ait sauren Katalysatorea, 
bei welohen (Jeaisohs won Dioarbonsaureanhydriden, Alkylen- 
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oxydea und dea Katalyaator mearere Stundea bei erhShter 
Teapaa-atar be&andelt werdea, ergehen keiae atocaiosatrl- 
acbe Copolymerisatioa, aoadern vorzugaweiae eia 7erh31t- 
nis von Uicarlionsawreanhydrid au Alkylenoxyd wie 1:3, 
weshalb die Verfahrenaprodukte ungeeignet fllr die Her- 
atellung roa ungeaattigtea lolyeatergruadaarzea. aiad. 
Attob betragen die Auabeaten nur maximal 88 $6 bei relativ 
langea Keaktioasaeiten. Die Copolymerisationsverfaarea 
haben sioh deahalb zur iaduatriellen Heratellung von 
Polyeatem nooh nicht diarehaetaea k8Haen» 

Zmok de* 2rf indung iat deahalb oina wirteohaftlioae Har- 
ateiluag ran Polyeatera 8 dis aiah auch ia kontiaaiarli- 
ahaa Terfahrea duroiifQheaa laflt. 

Bar Srfindung liugt dia Aufgabe augnmde, ai?i Yertahvea. 
zoir Hsratajlung ran Polyester* duraa Go»olytta.f laatioa *oa 
Dioarbonaaareaaayariden nit Alkylenoxydea ;«ifc 8 r 7a?Tan~ 
daag aaarar Polyaeriaationskasalyaatoren an .sniaiclieltt. 
Erfiadungageaafl wird die Aufgabe daduroa geiaat, da 9 man 
Dioarbona3ttreaaaydride semeinBaa ait dam aauren Polyaeri- 
aatioaakatalysator ia einem inertea LBBaageaUtel Wat, 
dia erhalteae ISaung bei Teaperataren zwiaohea 30 and 
160°0 ait Alkyleaoxydea behaadelt and die Beakfcionaloaung 
ia ablioaer ffeiae duroa Entfarnen dea Illauagamittela ataf- 
arbeitet. 

Bei dieaea ,rfaarea, daa aieh, beiapielaw iae duroh Beak- 
tioa i: aegenatroaprinzip, auoh kontinui rlioh duroafUorer. 
laflt, siad nur ralativ kurze fieaktionsaeifcen erf axderV r.jju 
909640/ 1682 sad original 
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Eh verden sehr toll* Produkte ernaltea, die hone Moleku- 
largewiohte und bei geringea Alkylenozydttbersohufl niedri- 
ge Sttureaehlen aufweiaen. tfberrasohead 1st, dafl bei hbhe- 
r»r Teapsratur das Copol^sriaationarerhiiltnia Diearbon- 
saureanhydrid su Alkylenoxyd 1:1 bd a 1,5 erhaltea wird, 
wodupoh geeignete Produkte ftir die Herstellung ungesattig- 
ter Polyester erhaltea nerdea. 

Pttr das erfindungsgeaafle Terfaarea koaaen alle fur die Her- 
stellung von Polyeetern ttbliohen Mearbonsaureanhydride in 
Betraoht, beispieleweise Haleinaaureanhydrid, Phthalsaure- 
anhydrid, Tetrahydrophthalsaureanhydrid, HET-anhydrid usa* 
Als Alkylenoxyde eind roraugsweiae athylenoxyd, Propylen- 
oxyd and Epichlorhydrin,ala organisohe Loaungsmittel bei- 
splelsweise' Toluol uad Xylol einsatabar. 
Ale saare Bolyaerisationakatalyaatoren slnd alle ttbliohen 
Verbihdungen, wle ZnCl 2 , SnCl^, 2Jt y LiBr, SbCl 5 , PeCl 3 
uaw., geeignet. 

Naeafolgende Belspiele erlautera die Erfinduug. 
Beleplel 1 

5 Hoi Malainaaureanhydrid, 10 Mol Patbalaaureanbydrid und 
2 $ ZnCl 2 (bezogen auf das Gewloht der Anhydride) werdeu 
in 20 * Toluol (boaogea auf dua (Jewiebt der Anhydrida) ge- 
lost und in eiaea ait HUhrer, Thermoaeter, RUckfluflkftaler, 
Tropftriohter uad Stiokatoffeloleitangarohr rereehenen Sol- 
bea auf 110°C erwarmt. Harm wrden innerhalb von einer Stan- 
de 19,5 Mol Propylcnoxyd augetropft f v/obei fcaine weitere 
Heleung erforderllch ist AwchlleBenA wlrd das Toluo) in 
909840/ 1 68 2 ~ 4 ~ 
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Yakutia abgeaogen und man erhalt oin achwach hellgelbea, 
aehen 60 und 70°C sotolaoadea Harz, den man ala Stabilisa- 
tor 0,01 * Hydroohinon auaetst. Me Saurezahl dea Harzes iat 
zwiaohen 12 und 18. 

Beiapiel 2 

In gleioher Weioe wie in Beiapiel 1 beaohrieben werden in ei- 
ne LBaung ron 5 Mol Baleinaaureanhydrid, 10 ffloX Tetrahydro- 
phthalaaureanbydrid und 1 * ZnClg in 20 * Toluol 18 Mol Fro- 
pylenoxyd eingetropft. Bar Erwe iohungabereioh dea reaultieren- 
den Harzea liegt awiaohen 70 und 80°0. Bie Sfiureaahl iet 10 
bis 13. 

Beiapiel 3 

In gleioher ffeise wie im Beiapiel 1 beaohrieben werden in ei- 
ne L8aung *oa 5 Mol Maleinaaureanhydrid, 5 Mol Phfchalaaurean- 
hydrid und 1,5 * Z n01 2 in 20 * Xylol 1 5 Mol Propyleaoxyd ein- 
getropft. Der Erweiohungabereieh dea reaultierenden Harzea 
liegt awiaohen 50 und 60°0. Bie Saureaahl iat 15 bia 25« 

Beiapiel 4 

m gleioher Weiae wie im Beiapiel 1 beaohrieben werden in ei- 
ne Lbeung ron 5 Mol Maleinaaureanhydrid, 5 Mol letrahydro- 
phthalaaureaahydrid und 1,5 * ZnOlj, in 20 * Toluol 12 M 1 
Propylenoxyd sugetropft. Ber Erw iohungabereioh dea reaultie- 
renden Harzea liegt urn 70°c, die Stureeahl urn 15. 
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Beiaplel 5 

In gleioher Weiae vie i« Beiaplel 1 beaohrleben warden ia 
alna mating won 1 Mol Phthalsaureanhydrid, 1 Mol Baleiaaau- 
reannydrid und 1 * A1C1 3 in 20 * Toluol 3 Mol- Propyleaoxyd 
eingetropft. Der Brweiohuagabereieh das re aul tie render Bar-. 
zea liegt ua 70°C, die Saureaahl awiacnea 1* und 18. 

Beiaplel 6 

In gleieaer ffeiee wie ia Beiaplel 1 beaohrleben werdea ia 
elne LBaung von 1 lol iretreJiydrophtbalaaureanhydrid, 1 Mol 
Heleinslareanhjdrid und 1 * SbCl 5 ia 20 * Toluol 3 Hoi Pro- 
pyl enoxyd eingetropft. Der Srweiohuagapunkt des reaultierea- 
dea Karaes llegt sswisohea 60 und 70°C, die Stturesahl betragt 
etwa 20. 

Balapial 7 

Ia gleioaer Welae via ia Balapial 1 beaohrleben werdea ia ei~ 
ne Lbaung ron 1 Mol mbalsaupeaahydrid, 2 Mol Maleinsaure- 
anhydrid uud 2 * SaCl 4 ia 20 * Toluol 3 Mol Propjlenoxyd 
alngatropft. Die .teaktioasteaperatur betragt 90°C. 
Dsb reeultierende :iarz besitzt einen Srweiohungsbereiah urn 
60°0, die SeweaahJ liegt zwlschea 15 und 20. 

Beiaplel 8 

Die Apparatur iat von gleioher Art wie die la Beiaplel 1 be- 

sobrlebtae, ber der Tropftrichtar. iat duroh eia Saaeinlei- 

tuagar hr am tat. In elne. ioaung ron 1 lol Phthalaaureaa- 

hydridj 1 Hoi Baleinsaureanhydrid und 2 % einea PeCl^-Pra- 

3 -6- 
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pyUnotyd-roapioxw in 20 * Toluol mriu boi oiner loapex 
tu* twlsohfin 60 und «0*C 2,1 Mol Xthjlotuayd elngeleltot. 
Via x»*ultlsr*nd* Bars basltst *lnen Srwaiobungaboroioh w 
€0*<J, dl* SSuraaahl 1st atv& 6. 

Baispiel 9 

fit I» Boispial 1 b«schrieben, radon in eino LBaung tob 
0,65 Mol Isloinsaureanhydrid, 0,35 Mol IhthalefiureanHydrid 
and 2 * olnos PeCly-Propyleno^d-Xoaplexes ia 10 % Toluol 
1,5 Bpichlorhydrin • ingot ropft. 

Das result ioronde Hare besitst einen ErweiohungBbereloa um 
60°C, die Sauresahl 1st 1 8 bis 21 . 
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Patta tanspruoh $ 

Tarfabren zur Herstellung von Polyoatern diu«eh Copoly- 
narisation Ton Blcmrbonsaureaaliydriden ait Alkylenoxyden 
in Gagenwart ssnwr Polymer isationskatalysatoran f dadurch 
gakennaeiohnet, dafi man Dicarbon63ur.eanhydride gemelnaaa 
ait dem sauren Polyacrisationslcatalysator in elnea inert a 
organischen LScungBaittel IcJst, die erhaltene LCsvuag bei 
Te»*eraturen swischen 30 und 160°C ait Alkylenoayden be- 
handelt und die HeaktionslOsun 3 in flblioher Weise duroh 
Entfernen des LSsvngsnittels aufarbeitet« 
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Berlin, 30.1.1968 

Process for the manufacture of polyesters 

The invention relates to a process for the manufacture of polyesters by 
copolymerization of dicarboxylic acid anhydrides with alkylene oxides. 

The standard manufacturing processes for polyesters are based on the 
condensation of dicarboxylic acids or their anhydrides with di- or polyhydric alcohols. 
Disadvantages of these processes are the relatively expensive starting materials and 
the long reaction times and also the high reaction temperatures. Also, the process 
products have relatively high acid values. 

It is known to manufacture polyesters by copolymerization of dicarboxylic acid 
anhydrides with alkylene oxides, using as polymerization catalysts on the one hand 
aminic compounds, preferably tertiary amines, and on the other hand acid catalysts, 
. for example ZnCI 2 , BF 3 , SnCI 4 etc. 

The procedure with aminic catalysts has the disadvantage of long reaction times, the 
process products are mostly dark-coloured; in particular there are problems when 
using maleic anhydride through premature gelling of the reaction product as a result 
of the high reactivity of the double bond. 

The previously known procedures with acid catalysts, in which mixtures of 
dicarboxylic acid anhydrides, alkylene oxides and the catalyst are treated for several 
hours at increased temperature, do not result in a stoichiometric copolymerization, 
but mainly a dicarboxylic acid anhydride-to-alkylene oxide ratio such as 1:3, for 
which reason the process products are unsuitable for the manufacture of 
unsaturated polyester base resins. Also, the yields are only 88% at most with 
relatively long reaction times. The copolymerization processes have therefore not yet 
been able to gain acceptance for the industrial-scale manufacture of polyesters. 
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The aim of the invention is therefore an economical manufacture of polyesters which 
can also be carried out in a continuous process. 

The object of the invention is to develop a process for the manufacture of polyesters 
by copolymerization of dicarboxylic acid anhydrides with alkylene oxides using acid 
polymerization catalysts. 

According to the invention the object is achieved in that dicarboxylic acid anhydrides 
are dissolved jointly with the acid polymerization catalyst in an inert solvent, the 
obtained solution is treated with alkylene oxides at temperatures between 30 and 
160'C and the reaction solution is worked up in customary manner by removal of the 
solvent. 



With this process, which can also be carried out continuously, for example by 
reaction in the counter-current principle, only relatively short reaction times are 
necessary. 

Very bright products are obtained which display high molecular weights and low acid 
values with, a small alkylene oxide surplus. It is surprising that, at a higher 
temperature, the dicarboxylic acid anhydride-to-alkylene oxide copolymerization ratio 
is maintained [at] 1:1 to 1.5, as a result of which suitable products for the 
manufacture of unsaturated polyesters are obtained. 

All dicarboxylic acid anhydrides that are customary for the manufacture of 
polyesters, for example maleic anhydride, phthalic anhydride, tetrahydrophthalic 
anhydride, HET anhydride etc., come into consideration for the process according to 
the invention. Ethylene oxide, propylene oxide and epichlorohydrin can preferably 
be used as alkylene oxides, [and] toluene and xylene for example as organic 
solvents. 



All customary compounds, such as 2nCI 2l SnCU. BF 3 . LiBr, SbCI 5 , FeCI 3 etc., are 
suitable as acid polymerization catalysts. 
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The following examples explain the invention. 
Example 1 

5 mol rnaleic anhydride, 10 moi phthalic anhydride and 2% ZnCI 2 (relative to the 
weight of the anhydrides) are dissolved in 20% toluene (relative to the weight of the 
anhydrides) and heated to 110°C In a flask fitted with stirrer, thermometer, reflux 
cooler, dropping funnel and nitrogen-feed tube. 19.5 mol propylene oxide are then 
added dropwise within an hour, no further heating being necessary. The toluene is 
then drawn off in vacuo and a weakly coloured yellow resin, melting between 60 and 
70°C, is obtained, to which 0,01% hydroquinone is added as stabilizer. The acid 
value of the resin is between 12 and 18. 

Example 2 

In the same way as described in Example 1,18 mol propylene oxide are added 
dropwise to a solution of 5 mol rnaleic anhydride, 10 mol tetrahydrophthalic 
anhydride and 1% ZnCI 2 in 20% toluene. The softening range of the resulting resin 
lies between 70 and 80X. The acid value is 10 to 15. 

Example 3 

In the same way as described in Example 1,15 mol propylene oxide are added 
dropwise to a solution of 5 mol rnaleic anhydride, 5 mol phthalic anhydride and 1.5% 
ZnCI 2 in 20% xylene. The softening range of the resulting resin lies between 50 and 
60°C. The acid value is 15 to 25. 

Example 4 

In the same way as described in Example 1, 12 mol propylene oxide are added 
dropwise to a solution of 5 mol rnaleic anhydride, 5 mol tetrahydrophthalic anhydride 
and 1.5% ZnCI 2 in 20% toluene. The softening range of the resulting resin lies 
around 70°C, the acid value around 15. 

Example 5 

In the same way as described in Example 1, 3 mol propylene oxide are added 
dropwise to a solution of 1 mol phthalic anhydride, 1 mol rnaleic anhydride and 1% 
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Patent claim: 



Process for the manufacture of polyesters by copolymerization of tricarboxylic acid 
anhydrides with alkylene oxides in the presence of acid polymerization catalysts, 
characterized in that dicarboxylic acid anhydrides are dissolved jointly with the acid 
polymerization catalyst in an inert organic solvent, the obtained solution is treated 
with alkylene oxides at temperatures between 30 and 160°C and the reaction 
solution is worked up in customary manner by removal of the solvent. 



